This paper studies a periodic driven diffusive system, which separates into two equal-sized parts with different values of hopping rates. Competition of the two different driven parts leads to various bulk-driven phase transitions, including shock and antishock. More interestingly, for the symmetric scenario, one can observe shock and antishock simultaneously in the system. We have explained the coexistence of shock and antishock via the effective boundary reservoir density. Theoretical analysis has been carried out to characterize the emerging nonequilibrium steady states, which is in good agreement with Monte Carlo simulations.
I. INTRODUCTION
Up to now, it was believed that our understanding of nonequilibrium systems is at a stage comparable to that of equilibrium ones in the era before Maxwell and Boltzmann [1] . In recent decades, a driven diffusive system has become a rewarding research field, which has served as a testing ground for fundamental research in nonequilibrium systems since steady states in driven diffusive systems exhibit many surprising or counterintuitive features, given our experiences with equilibrium systems. For example, in the stationary state a finite current can be maintained, thus, coupling of the driven diffusive systems to external reservoirs of constant density leads to first-or second-order phase transitions (i.e., boundary-induced phase transitions) [2, 3] .
The nonequilibrium kinetic Ising model introduced by Katz, Lebowitz, and Spohn (KLS) is one much studied onedimensional driven diffusive system [4, 5] . This is an exclusion process in which each lattice site is either occupied by one particle or empty. Particles hop randomly (with some bias) to their nearest-neighbor sites with rates depending on the occupation of the nearest-and next-nearest-neighbor site. In the totally asymmetric case, particles hop only to the right with bulk hopping rates (1 − δ) , where −1 < ,δ < 1. Here "1" marks the occupation of a lattice site by a particle and "0" means that the site is empty. By using standard transfer matrix techniques, the stationary current j K (ρ) can be computed exactly from the stationary measure of the periodic system. One obtains in the thermodynamic limit [4, 5] 
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The two parameters and δ determine the shape of the currentdensity relation, which could exhibit either two local maxima (j 1 ,j 2 ) and a local minimum (j min ) or a single maximum, see Fig. 1 . With δ = 0 the system has a symmetrical currentdensity relation.
In particular, in the special case = δ = 0, the KLS model reduces to the totally asymmetric simple exclusion process (TASEP), which has played much the same role in nonequilibrium statistical physics as the Ising model has become a paradigm for equilibrium critical phenomena [6] [7] [8] . Many nonequilibrium behaviors, such as spontaneous symmetry breaking, phase separation, and localized shock induced by quenched disorder or particle attachment and detachment have been observed in ASEPs and related models [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Moreover, the ASEPs could be sometimes solved exactly by using the matrix product method or Bethe ansatz [21] [22] [23] [24] .
We also would like to mention that recently an exclusion process similar to the KLS process has been studied, in which the hopping rate of particle on site i depends on whether site i − 1 is occupied or not [25, 26] . The exclusion process is named the facilitated or cooperative exclusion process. In this exclusion process, only one maximum of the current exists.
In a recent paper, Hinsch and Frey have studied a periodic system composed of a driven part (TASEP) and a diffusive part (symmetric exclusion process) [27] . It was shown that in a mesoscopic limit both dynamics compete, which leads to bulk-driven phase transitions. Inspired by this work, this paper studies phase transition induced by the competition of two different driven parts. Specifically, we study a periodic KLS model, in which the ring separates into two equal-sized parts with different values of D, , and δ, see Fig. 2 . In the upper part, D is set to 1. In the lower part, and δ are set to 0 (i.e., the lower part is a TASEP). More specifically, in the upper part, a particle on sitex i (1 < i < N − 1) could hop with one of the four possible rates 1 + δ, 1 − δ, 1 + , 1 − , depending on the configuration of sitesx i−1 ,x i ,x i+1 ,x i+2 . For particle on sitex 1 (x N−1 ;x N ), the hopping rate depends on the configuration of sites
. In the lower part, the particle on any site hops with rate D. It is shown that compared with the model of Hinsch and Frey, our model exhibits more complex phase diagram structures and thus more diverse phase transitions.
II. RESULTS
Now we present the Monte Carlo simulation results and analytical results. In the simulation, N p particles are initially distributed randomly on the ring with 2N sites, and the particle density is defined as ρ g = N p /(2N). We have performed Monte Carlo simulations for a system of size N = 1000. In several cases we have checked our results also for size N = 10 000.
First, we consider the situation that there are two maxima in the KLS process. We study situations j 1 > j 2 and j 1 = j 2 in detail. The situation j 1 < j 2 is symmetric with the situation j 1 > j 2 , and is briefly discussed. 4(b) show that in region HH (LL), both the KLS part and the TASEP part are in high (low) density, in which the bulk density in the TASEP part ρ T > 0.5 (ρ T < 0.5), the bulk density in the KLS part ρ K > ρ * 2 (ρ K < ρ * 1 ). Here ρ * 1 and ρ * 2 are the densities corresponding to the current j 1 and j 2 , respectively. The system flow rate j S and the two bulk densities ρ T and ρ K can be calculated by solving the two equations Notice that there are two MS regions in the phase diagram, which exist in the range 0.25D < j min [ Fig. 4(c) ] and j 2 < 0.25D < j 1 [ Fig. 4(d) ], respectively. In these two ranges, the equation j K (ρ) = 0.25D has two solutions, denoted by ρ 1 and ρ 2 , respectively (ρ 2 > ρ 1 ). The TASEP part is in the maximum current (which equals 0.25D) and a shock appears in the KLS part. Denote the densities upstream and downstream of the shock as ρ L and ρ R , respectively. The location x of the shock is determined by
It is clear that in region MS, ρ L = ρ 1 and ρ R = ρ 2 . Therefore, the boundaries separating this region are determined by ρ g = (0.5 + ρ 1 )/2 and ρ g = (0.5 + ρ 2 )/2, respectively. In regions MS 1 , MS 2 , and MS 3 , j min < 0.25D < j 2 . The equation j K (ρ) = 0.25D has four solutions, denoted by ρ 1 , ρ 2 , ρ 3 , and ρ 4 (ρ 1 < ρ 2 < ρ 3 < ρ 4 ). As in the MS region, the TASEP part is in the maximum current and a shock exists in the KLS part in the three regions. The location of the shock is still determined by Eq. (5). In region MS 1 Fig. 4(f) ]. However, in region MS 2 , ρ L = ρ 3 , which is larger than ρ R = ρ 2 . In other words, the shock in the MS 2 region is actually an "antishock" [Fig. 4(g) ].
In region HX, the TASEP part is in high density and the bulk density in the KLS part is in the range ρ *
[ Fig. 4(h) ]. Here ρ * min corresponds to the local minimum current j min . In this region, the system flow rate j S is still calculated from Eqs. (3) and (4), and it decreases with the increase of ρ g . When j S equals to j 2 , the system enters region HS, in which the TASEP part is still in high density and an antishock appears in the KLS part [ Fig. 4(i) ]. For the shock, ρ L = ρ * 2 and ρ R =ρ. Hereρ is the solution to equation j K (ρ) = j 2 , restricted by ρ * 1 <ρ < ρ * min . Finally, the system exhibits an SM 1 region in the range 0.25D > j 1 , in which a shock is observed in the TASEP part and the KLS part is in the maximum current j 1 [ Fig. 4(j) ]. For the shock, ρ L = ρ 1 and ρ R = ρ 2 . Here ρ 1 and ρ 2 (ρ 1 < ρ 2 ) are two solutions to equation Dρ(1 − ρ) = j 1 , and the SM 1 region is restricted by (ρ *
With the decrease of δ, j 1 and j 2 become closer. Regions SM 1 and HS expand, the top MS region and region HX shrink [c.f. Figs. 3(a) and 3(b) ]. When δ = 0, j 1 becomes equal to j 2 , the phase diagram structure changes qualitatively, see Fig. 3(c) . Regions SM 1 and HX, as well as the top MS region disappear. When 0.25D > j 1 = j 2 , the equation Dρ(1 − ρ) = j 1 has two solutions, still denoted by ρ 1 and ρ 2 . In this range of D, between regions LL and HH, the system exhibits regions LS, SS, and HS with the increase of ρ g .
In the LS region, the TASEP part is in low density with bulk density ρ T = ρ 1 . The system thus transits into region SS. The location of the shock is determined by 0.5 + xρ 1 + (1 − x)ρ 2 = 2ρ g . It decreases with the increase of ρ g . When x becomes zero, the system enters region HS, in which the TASEP is in high density with bulk density ρ T = ρ 2 [ Fig. 5(d) ]. The antishock location in the KLS part is now determined by ρ 2 + xρ * 1 + (1 − x)ρ * 2 = 2ρ g . When x becomes 1, the system finally transits into region HH.
The occurrence of LS, SS, and HS could be understood via effective reservoir densities. Let us consider the TASEP parts and the KLS parts separately. We denote the effective left (right) boundary reservoir density of the TASEP part and the KLS part as ρ occur which is fixed at x = 1/2. In contrast, in the TASEP model, when ρ − = 1 − ρ + < 0.5, a shock will occur whose location performs random walk in the domain. This means that the antishock is more stable than the shock. This might be the origin that the antishock location in the KLS part is fixed at x = 1/2 while the shock location in the TASEP part depends on ρ g in region SS. 
C. Situation j 1 < j 2
The situation is symmetric with that of j 1 > j 2 as mentioned above. Figure 3(d) shows the phase diagram under this situation. Comparing with Fig. 3(b 
D. Single maximum case
Finally, we briefly mention the situation where there is only one maximum in the KLS process. The phase diagram is shown in Fig. 3(e) , which is much simpler and straightforward to understand. Thus, details will not be presented here. Nevertheless, we would like to mention that in the KLS part, when shock appears, the shock type depends on the current-density curve of the KLS process. If the curve is concave, then only sharp shock exists. Otherwise, if the curve has an inflection point, the shock might be a combination of continuous compression and shock (see Refs. [25, 26] for more details).
III. SUMMARY
To summarize, we have studied a periodic driven diffusive system by coupling TASEP and the KLS model into a closed ring system, which leads to a variety of bulk-driven phase transitions. It is shown that the system could exhibit shock or antishock. In particular, in the symmetric case δ = 0, shock and antishock could be observed simultaneously in the system. We have explained the coexistence of shock and antishock via effective boundary reservoir density. Extensive Monte Carlo simulations have been carried out, which show good agreement with analytical results. In our future work, the interplay of two KLS processes with different hopping rates (both exhibit two maxima) will be investigated. Another extension is to study the effect of particle attachment and detachment on one or both parts.
